A variety of anatomical features suggest that functional activity in the nervous system can influence the process of myelination, yet direct evidence of this is lacking. Research by Zalc and colleagues shows that myelination of optic nerve is inhibited by a neurotoxin that blocks action potential activity and is stimulated by a toxin that increases impulse activity, suggesting that impulse activity is necessary for initiating myelination during development of the optic nerve. Research by Fields and colleagues, using electrical stimulation of axons, shows that low frequency impulse activity inhibits myelination of dorsal root ganglion neurons, but high frequency impulse activity has no effect. This results from reduced expression of a cell adhesion molecule on the stimulated axons that is critical for inducing myelination. Together these studies support the conclusion that impulse activity can influence the process of myelination, probably through more than one molecular mechanism operating during discrete steps in the myelination process. NEUROSCIENTIST 6:5-13, 2000 KEY WORDS Myelination, Activity-dependent, Action potential, Oligodendrocyte, Schwann cell, Dorsal root ganglion (DRG), Optic nerve, Cell adhesion molecule, L 1, tetrodotoxin (TTX) Emerging only after the evolution of early vertebrates, myelin dramatically elevated nervous function to unparalleled levels of information processing capacity and speed ( 1 ). In humans, the functional importance of myelin is seen in the growing cognitive and physical capabilities of young children (2, 3) and in the clinical dysfunction that accompanies injury to the myelin sheath in adults (4, 5) . Myelin is an exquisite structure when seen at the ultrastructural level, and its structure has functional relevance. Correlations between the anatomy of myelin and physiological properties of axons suggest possible activity-dependent regulation of myelination. (E-mail: fields@helix.nih.gov).
Emerging only after the evolution of early vertebrates, myelin dramatically elevated nervous function to unparalleled levels of information processing capacity and speed ( 1 ) . In humans, the functional importance of myelin is seen in the growing cognitive and physical capabilities of young children (2, 3) and in the clinical dysfunction that accompanies injury to the myelin sheath in adults (4, 5) . Myelin is an exquisite structure when seen at the ultrastructural level, and its structure has functional relevance. Correlations between the anatomy of myelin and physiological properties of axons suggest possible activity-dependent regulation of myelination.
Anatomical Evidence of Activity-Dependent Regulation of Myelination It is clear that the axon participates in specifying features of myelination, including the distance between nodes of Ranvier and the thickness of the myelin sheath. Only axons become myelinated, never dendrites or cell bodies of neurons or non-neuronal cells (6) . Small-diameter axons are not myelinated in peripheral nerve trunks (7) , and ultrastructural analysis shows that premyelinated ax-ons undergo membrane remodeling into foci with nodal properties before myelin is compacted (8) (9) (10) (11) .
The thickness of the myelin sheath and the intemodal distance govern the conduction velocity of myelinated fibers (7) . Rushton (7) noted that, along peripheral nerve trunks, myelin thickness and intemode distance are adjusted so as to maximize conduction velocity and thereby optimize function. Interestingly, many cases are now known in which myelin is structured not to maximize the speed of conduction of action potentials but to ensure simultaneous arrival of impulses from multiple points that are separated by large differences in distance (12) . The olivocerebellar projections carrying information to Purkinje cells in the cerebellum (13) , the electromotor axons of certain electric fish (14) (15) , and the axons of retinal ganglion cells located at different eccentricities within the retina (16) show differences in conduction times that are adjusted by the structure of myelin, to provide simultaneous arrival of impulses within millisecond precision. Other evidence that the functional requirements of the axon can specify myelinating responses of glial cells is provided by observations that the intemodal distance is reduced in specific regions of axons. This is often seen close to axon branch points where impedance matching is required for effective impulse propagation (7, 17) . Also, along some ax-ons, regions devoid of myelin are intercalated between normally myelinated regions at sites where they are needed to produce specific patterns of extracellular current (15 (18) . Myelination has been noted to be highly decreased in the optic nerve of the naturally blind cape mole rat ( 19) , whereas premature eye opening increased the level of myelin protein expression in the optic nerve of rabbit (20) .
In contrast, other studies have reported that intraocular injections of the sodium channel blocker tetrodotoxin (TTX), which blocks action potential activity, had no effect on the number of myelinated fibers or the time of myelination onset in optic nerves of rat (21) (22) (23) . In experiments on goldfish, action potential blockade by intraocular injection of TTX during optic nerve regeneration had no affect on myelination of regenerated fibers compared with control subjects (24) . Dark-rearing of kittens (25) and rats (26) (16, 34) . More recently, the timing of oligodendrocyte differentiation has been shown to be controlled by neurons through down-regulation of Jaggedl along axons (35) . This finding corroborates the observation that highly purified mature oligodendrocytes up-regulate the transcription rate of the major myelin genes upon addition to cultures of neurons (36 (39) . When TTX was injected into the right intravitreous space at P4 and the optic nerve examined at P6, there was no statistically significant modification in the total number of MBP+ oligodendrocytes, whereas myelinating oligodendrocytes were decreased by 75%, suggesting that electrical activity affected the onset of myelination (Fig. 1 B) . This (52) (Fig. 2) .
The ng/ml), which is known to increase Ll expression. Under these circumstances, stimulation had no effect on myelination when the stimulus-induced change in Ll levels was blocked, indicating that the reduction in L levels was necessary for the inhibition of myelination on axons firing at 0.1 Hz (Fig. 3) . It is possible that other diffusible or cell surface molecules may be modulated by 0.1 Hz stimulation to inhibit myelination, but evidence suggests that two other CAMs are not responsible. NCAM levels are not affected by stimulation at either 0.1 or 1 Hz in DRG neurons, and N-cadherin is down-regulated by 1 Hz stimulation to a greater extent than by 0.1 Hz stimulation, but this frequency had no effect on myelination.
The reduced number of myelinated profiles on axons stimulated at low frequency is most likely a result of inhibition of the initiation phase of myelination. Although LI-LI homophilic binding is essential for early ensheathment and induction of myelination of DRG neurons by Schwann cells in culture, L appears to be less important after initiation of myelination, because it disappears from both the axon and Schwann cell soon after the Schwann cell makes a complete wrap around the axon (57) . Other CAMs become expressed thereafter (58) .
The results of these experiments show that myelination of peripheral axons by Schwann (59, 60) . Modulation of ion channel activity in oligodendrocytes can influence both their proliferation (61) (62) (63) (64) (65) and myelination (66) . Inhibition of glial potassium channels by incubation of tetraethylammonium ion has been shown to eliminate myelination in spinal cord explants without altering axonal conduction (27) , and blocking potassium currents can inhibit oligodendrocyte proliferation (62) (63) (64) . Another mechanism that could underlie this type of effect is suggested by the observation that the activity-dependent release of platelet-derived growth factor from astrocytes in optic nerve can influence the proliferation rate of oligodendrocyte progenitor cells (66) . In some published studies, it is possible that differences in the amount of myelination could have resulted from differences in the number of glial cells, as a consequence of direct action of pharmacological agents on proliferation of glia, rather than on the myelination process itself. It is also possible that this confounding effect on glial cell numbers could obscure an effect of action potentials on myelination in some experiments. 
